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1  Introduction
For Rel-17, a work item for NR to support NTN (Non-Terrestrial Networks) has been approved with some initial progress in RAN2. One of the primary RAN2 objectives for such enhancements is to address idle mode procedures as highlighted below:

The following control plane procedures enhancements should be specified (see TR 38.821)
· Idle mode: 
· Definition of additional assistance information for cell selection/reselection (e.g. using UE location information, satellite Ephemeris information)
· Definition of NTN (satellite/HAPS) cell specific information in SIB 

RAN2 has made some initial agreements in RAN2#111e and RAN2#112e for control plane idle mode procedures as shown below: 

1.	Cell selection / reselection in NR is the baseline in NTN idle mode procedure.
2.	Satellite/HAPS ephemeris based cell selection and reselection should be defined for NTN (FFS what the term satellite/HAPS ephemeris actually means). FFS when this ephemeris based cell selection / reselection can be used. FFS whether UE location (and/or other information) based cell selection and reselection should be introduced for NTN
3.	The satellite ephemeris should be provided to UE, at least for Satellite/HAPS ephemeris based cell selection and reselection (FFS what the term satellite/HAPS ephemeris actually means).
4.	The network type (i.e. TN or NTN) should be known to UE. FFS whether to achieve this in an implicit or explicit way.
5.	The existing cell reselection priority configuration can be taken as a baseline in NTN. FFS on any further enhancement.
6.	Postpone the discussion on whether to introduce a new SIB until we have more progress on the content of NTN specific system information.
7.	Existing cell reselection principles are considered as baseline and that information about when a cell is going to stop serving the area and information about new upcoming cell can be further considered. In which form and how this is exactly implemented in the cell reselection principles is FFS.
Based on the above agreements, the objective of this paper is to progress these agreements further and address some of the FFSs related to cell selection.
2	 Discussion

2.1 Rationale for NTN Cell Selection Enhancements
In this section, we discuss the open issue regarding cell selection enhancements over the existing NR idle mode procedures, which should be used as a baseline per RAN2 agreements. Characteristics of NTN platforms deviate from existing TNs, including the relatively small changes in UE received signal strength from cell center to cell edge. Based on the Figure, using only the measured RSRP/RSRQ (S-criterion) of the NTN cells would not be sufficient criteria for cell selection and lead to a high number of immediate reselections. 
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[bookmark: _Ref59520122]Figure 2.1-1 NTN vs TN Near-far effects [38.821]
For example, a UE may camp on an NTN moving cell that is low on the horizon as the “best cell” due to a direct line of sight (LOS), but this NTN cell may not be suitable for selection if another NTN cell with a slightly lower S-criterion value is overhead and/or will be visible to the UE for a much longer duration.  For this reason, procedures for cell selection in the context of network deployments for NTN should be enhanced. 
For the mixed deployment scenarios defined by a deployment with Multiple NTN-platform coverage (e.g., earth-fixed and earth-moving NTN cells) and possibly TNs, there may be multiple platforms with overlapping RF coverage at certain instances (geo-locations and time). In this case, there may be insufficient information available to the UE to know which platform should be prioritized and selected. It can be envisioned that the network will prefer to establish priorities for cell selection for the UEs in the presence of multiple TN/NTN architectures. The UE may also have requirements to operate on each of the NTN cell types (timing and frequency compensation requirements), therefore enhancements from existing TN methods are required.

Observation 1: Per WID and RAN2 agreements, existing NR cell selection procedures should be enhanced for NTN cell selection with additional assistance information.

Observation 2: The measured RSRP/RSRQ (S-criterion) of the NTN cells alone is not sufficient criteria for cell selection in mixed deployments and mixed coverage.

2.2 Potential solutions
RAN2 has agreed that Cell selection / reselection in NR is the baseline in NTN idle mode procedure. Additionally, RAN2 has agreed Satellite/HAPS ephemeris-based cell selection and reselection should be defined for NTN and consistent language in the NTN WID [1], e.g., “Definition of additional assistance information for cell selection/reselection”.
[bookmark: _Toc29245201][bookmark: _Toc37298547][bookmark: _Toc46502309]To address uniform received power across NTN cell coverage and mixed NTN/TN deployment scenarios, per TS 38.304 [4] 5.2.3.1 as a baseline with highlighted potential enhancements:
Cell selection is performed by one of the following two procedures:
a)	Initial NTN/TN cell selection (no prior knowledge of which RF channels are NR or NTN frequencies):
1.	The UE shall scan all RF channels in the NR bands according to its capabilities to find a suitable cell.
2.	On each frequency, the UE need only search for the strongest cell, except for operation with shared spectrum channel access where the UE may search for the next strongest cell(s).
[bookmark: _Hlk58960517]2a. Additional exception for NTN operations, where UE may search for the next strongest cell(s) determined by satellite ephemeris (and UE location), NTN platform type, and UTC time.
2b. Based on the platform obtained from the System Information, UE may select the cell prioritized based on platform type in conjunction with signal strength.
3.	Once a suitable cell is found, this cell shall be selected.
b)	Cell selection by leveraging stored information:
1.	This procedure requires stored information of NTN/TN frequencies and optionally also information on NTN/TN cell parameters from previously received measurement control information elements or from previously detected cells.
1a. Ephemeris and orbital parameters for NTN cells stored from previously detected cells per time of day relative to e.g. UTC accurate time and optionally location (relative UE location based on previous cell selections).
2.	Once the UE has found a suitable cell, the UE shall select it.
3.	If no suitable cell is found, the initial cell selection procedure in a) shall be started.

UEs may be pre-configured with PLMN IDs associated with both TN and NTN bands, and MNOs can provide dynamic priorities based on criteria (signal strength, orbital parameters/time, UE location, etc.) stored in UE/uSIM. This may be coupled with frequency layer prioritization/selection. However, PLMN ID and frequency layer prioritization as a standalone solution may have shortcomings due to the fast-moving nature of LEO satellites and TN/NTN deployed on the same bands.

To aid in cell selection for NTN and mixed NTN/TN environments, satellite ephemeris information and UE location information (derived from GNSS per [1]) can be used to help UEs perform measurements. Calculated/stored geographic UE position information, possibly coupled with other SI broadcasted (for example, cell radius/time), and RSRP/RSRQ measurements, can be considered for the UE to camp on an NTN cell. In turn, this could be stored and used by the UE for future (re)selections.

Observation 3: The existing TN cell selection procedure has shortcomings for mixed deployment scenarios/coverage and should be enhanced in TS 38.304 to describe additional enhancements for NTN cell selection.

Proposal 1: RAN2 agrees to enhance TS 38.304 with additional assistance information and enhancements, using TN cell selection as a baseline.


3  Conclusion
To summarize, the following observations and proposals were examined:
Observation 1: Per WID and RAN2 agreements, existing NR cell selection procedures should be enhanced for NTN cell selection with additional assistance information.
Observation 2: The measured RSRP/RSRQ (S-criterion) of the NTN cells alone is not sufficient criteria for cell selection in mixed deployments and mixed coverage.
Observation 3: The existing TN cell selection procedure has shortcomings for mixed deployment scenarios/coverage and should be enhanced in TS 38.304 to describe additional enhancements for NTN cell selection.
Proposal 1: RAN2 agrees to enhance TS 38.304 with additional assistance information and enhancements, using TN cell selection as a baseline.
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